Abstract
feature of these strains is their conservation in permafrost, from which they were extracted either 23 due to the thawing of permafrost (Yamal strains) or as the result of paleontological excavations 24 (Yakut strains). All strains isolated on the Yamal share an identical genotype belonging to lineage B.Br.001/002, pointing to a common source of infection in a territory over 250 km in length. In Introduction animals were euthanized after the observation period.
163

Mice
164
Six-to-eight-weeks-old BALB/C mice of both genders, weighing 18-20g were used in all 165 our experiments. They were fed Mouse Mixed Fodder PK-120 (Laboratorkorm, Russia) and 166 provided tap water ad libitum throughout observation period.
167
For virulence evaluation mice were randomly divided in four groups of ten animals and 168 infected s.c. by doses:10 0 , 10 1 , 10 2 and 10 3 spores/animal. They were observed for 30 days after 169 infection.
170
For bioassay we used groups of three mice for each tested sample. Mice were inoculated 171 subcutaneously with sample dispended in 0.3 ml of PBS in the inner part of the upper thigh.
172
Animals were observed during 10 days, after which surviving mice were euthanized. Dead and 173 euthanized mice were necropsied, and samples of their spleens and livers were inoculated on Petri dishes with selective anthrax agar (SRCAMB).
Guinea pigs
Guinea pigs were used for evaluating the virulence of strains isolated in Yamal epidemic 177 area. We used five-to-seven-weeks-old animals of both genders, weighing 350-450g. They were 178 fed Granuled Fodder KK-122 (Laboratorkorm, Russia) and provided tap water ad libitum during 179 the entire experiment (30 days). Guinea pigs were randomly divided in three groups of five animals 180 and infected s.c. by doses of 10 2 , 10 3 , 10 4 spores/animal.
181
Bacterial culture and DNA extraction 182 For bacterial cultures isolation, cultivation for DNA extraction, and for lecitinase and 183 hemolytic activity evaluation we used GRM agar, selective anthrax agar, yolk agar and blood agar, 184 manufactured in SRCAMB, Russia.
185
DNA from field and clinical samples was isolated using «Reagent kit «K-Sorb» for DNA 186 extraction on microcolumns» (Syntol, Russia). DNA from bacterial cultures was isolated using
187
GenElute™ Bacterial Genomic DNA Kit (Sigma-Aldrich, USA).
188
PCR analyses
189
PCR amplifications were run on the CFX96 ™ Real-Time PCR Detection System Rad Laboratories, Inc, USA). For MLVA and canSNP genotyping we used 2.5× PCRmix M-427 191 with SYBR-GreenI (Syntol, Moscow, Russia). Primers were synthesized by Syntol, Russia.
192
PCR detection of B. anthracis DNA was performed using Real-Time PCR-test systems 193 «MULTI-FLU» (SRCAMB, Obolensk, Russia) and «OM-screen-anthrax-RT» (Syntol, Moscow, 194 Russia).
195
MLVA was performed using primers as indicated in Thierry et al. [27] , but using monoplex 196 PCR. PCR products size was evaluated using agarose gel-electrophoresis. The PCR products and 197 a 20 bp ladder (Bio-Rad, USA) were electrophoresed at 100 V for 240 min on a 32-cm length 3% bp were reanalyzed on 2% agarose gel for better resolution. Also in these few cases we confirmed the size of amplicon using Experion™ Automated Electrophoresis System (BioRad, Hercules, canSNP-genotyping was performed as described in [28] .
205
Whole Genome SNP Analysis 206 Yamal strains DNA was sequenced using the Ion Torrent PGM (Life Technologies, USA).
207
Ion PGM Reagents 400 Kit (Life Technologies, USA) and Ion 318 Chip Kit (Life Technologies, 208 USA) were used for sequencing. For each genome, reads were de novo assembled using 2.9
209
Newbler assembler (Roche).
210
Yakutia strains whole-genome sequencing was performed using the Illumina MiSeq 211 instrument. DNA libraries were prepared using Nextera DNA Library Preparation Kit. Miseq
212
Reagent Kit v3 was used for sequencing. For each genome, reads were assembled de novo using 213 SPAdes v. 3.9 (http://bioinf.spbau.ru/spades).
214
Additional sequence read archives were recovered from the European Nucleotide Archive
215
(ENA) using the enaBrowserTools (https://github.com/enasequence/enaBrowserTools) and the 216 Aspera (Aspera, Inc., USA) high-speed file transfer protocol. Genome assemblies were 217 downloaded from NCBI and in silico converted into 100 bp. sequence reads files with a 50x 218 coverage using a homemade python script. Sequencing reads were mapped on reference genome 219 B. anthracis Ames ancestor assembly GCA_000008445 using BioNumerics version 7.6.3. SNPs 220 were called within BioNumerics using the strict closed dataset option. Minimum spanning trees 221 were produced allowing the creation of hypothetical missing links. role of bloodsucking insects in the spreading of the disease over long distances.
222
Results
223
Investigation of the
235
Soil from the place of death, soil from the camp, water from a nearby lake, cervical lymph 236 node, blood from the neck region, blood discharge from the anus, and all the clinical samples were 237 used in a bioassay. All the mice, (except mice infected by soil from the camp) died with symptoms 238 of anthrax on the second day after infection, their spleen and injection sites contained live anthrax 239 bacteria as shown by inoculation on Petri dishes.
240
MLVA genotyping was applied in order to establish whether several genotypes circulated 241 in the epidemic zone. We initially used loci vrrA, Bams03, Bams05, Bams22, Bams44, and vntr23 242 derived from the MLVA7 scheme proposed by Thierry et al. [27] . This set of loci allowed to 243 genotype all isolates during one day with a high degree of reliability and proved to be very useful 244 in conducting an epidemiological investigation, when it is required to minimize the time spent on 245 analysis, down to hours. Later it turned out that the same MLVA profile was found in all strains 246 isolated in the summer of 2016 on the Yamal, regardless of the isolation place (Lake Pisyoto area,
247
Novoportovskaya tundra, Evayakha River area) and of the institution by which the samples were 248 analyzed (S1 table) even when using 25 loci. Querying the Bacillus anthracis v4_0 MLVA 249 database at http://microbesgenotyping.i2bc.paris-saclay.fr [27] indicates that the Yamal strains 250 belong to the B-clade [29] . All genotypes present in the MLVA database differed at four loci or 251 more among the 25 loci. canSNP-genotyping using melt-curves [28] Ya5 strain is the closest neighbor but is clearly distinct. is represented by a unique read archive SRR5811139 derived from a strain collected in New current length whereas the first introduction from L2 occurred after L2 had expanded for 1/3 of its 402 current length. which more than a million deer died. In the 1940s, the whole reindeer livestock was vaccinated.
409
In subsequent years, the number of vaccinated animals was lower, for example, in the 1960s, from 410 65 to 82% of the total number of deer was vaccinated. This proved sufficient to prevent epidemics.
411
Thus, a centuries-old cycle of anthrax circulation in the tundra of the Far North was interrupted
412
[43].
413
The absence of outbreaks suggested that the soil in the tundra was sanitized and no longer 
423
According to the testimony of reindeer herders in epidemic area near Pisyoto lake, herds 424 from all focus of infection had been driven through the same place in the tundra. the infection to herds that migrate through the territories where sick animals were driven.
460
Also the establishment of the scale of the accident and the timely examination of the The occurrence of anthrax outbreaks after a 75-year break demonstrates that the decision 475 to stop the vaccination was premature, in line with similar independent observations in Georgia The Mongol Empire began to disintegrate in the second half of the 13th century. But despite 540 this, the territory from China to Eastern Europe remained under the rule of Chingizids, and Eastern
541
Europe was constantly subjected to raids from the Golden Horde for the purpose of plundering, or 
578
The Yakoutia permafrost soil samples were taken from alluvial (river) sediments -there is 579 a wide flat valley with bayou lakes. Probably this corresponds to holocene sediments (age about 10,000 years), frozen as they accumulated. and some time passed between the excavation of the cave lions and the soil sampling.
591
We also carefully examined the extent to which the present findings could be the result, or 
602
A number of conclusions can thus be robustly drawn. We looked for the presence of B.
603
anthracis spores over a depth of six meters, going from one meter below surface down to the cave 604 lion kittens. The state of preservation of the kittens indicated that the bodies, and the corresponding 605 permafrost layer, remained frozen for thousands of years. Under these conditions, the most parsimonious explanation for the finding of B. anthracis strains only in the upper layers is that B.
607
anthracis was not present in the region at the time of the death of the kittens, 5000 to 10,000 reindeer.
627
The territory of Yakutia was inhabited by modern humans at least from the Mesolithic, but 628 before the beginning of the 2nd millennium AD it was inhabited exclusively by tribes of hunters 629 and fisher-men. The first population of herders, the ancestors of modern Yakuts, migrated here 630 only at the beginning of the second millennium from the Baikal region. They were livestock breeders, bred cows and horses (in the Baikal region they also bred sheep and camels, but it is 632 impossible to breed them in the territory of Yakutia due to the severe climate).
633
The conquest by 
